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1 . 0 Description 



The SanDisk SmartMedia Card (SDSM-32-101-01) is a 3.3-V 256-Mbit (276,824,064) NAND Electrically 
Erasable and Programmable Read-Only Memory (NAND E 2 PROM) device, organized as 528 bytes X 32 
pages X 2048 blocks. This device has a 528-byte static register which allows program and read data to be 
transferred between the register and the memory cell array in 528-byte increments. The Erase operation is 
implemented in a single block unit (16 Kbytes + 512 bytes: 528 bytes X 32 pages). 

The SanDisk SmartMedia Card is a serial-type memory device which uses the I/O pins for both address 
and data input and output as well as for command inputs. The Erase and Program operations are 
automatically executed making the device ideal for applications such as solid-state file storage, voice 
recording, image storage for digital cameras and other devices which require high-density non-volatile 
memory data storage. The data stored in the SmartMedia Card needs to comply with the data format 
standardized by the SSFDC Forum in order to maintain compatibility with other SmartMedia™ systems. 

1.1 Features 



Organization 

- Memory cell array 528 x 64K x 8 

- Data Register 528 x 8 
Page size 528 bytes 

- Block size (16K + 512) bytes 
Modes 

Read, Reset, Auto Page Program 
Auto Block Erase, Status Read 
Mode control 

Serial Input/ Output 
Command control 

Complies with the SmartMedia Electrical Specification and Data Format Specification issued by 
SSFDC Forum (SmartMedia Card). 

Power Supply- V cc = 3.3 V ± 0.3 V 

Access time 

Cell array to register 10 u,s max 

Serial Read Cycle 50 ns min 

Operating current 

Read (50 ns cycle) 10 mA typ. 

Program (avg.) 10 mA typ. 

Erase (avg.) 10 mA typ. 

Standby 100 uA max 

Package 

- SDSM-32-101-01: SmartMedia Card (Weight: 1.8 g. typical) 
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Figure 1-1 SDSM-32-101-01 SmartMedia Card Pin Assignments (Top View) 
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Figure 1-2 Block Diagram 
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Table 1-1 Absolute Maximum Ratings 



Symbol 


Rating 


Value 


Unit 


Vcc 


Power Supply Voltage 


-0.6 to 4.6 


V 


V|N 


Input Voltage 


-0.6 to 4.6 


V 


Vi/o 


Input /Output Voltage 


"0.6 V to Vcc + 0.3 V 
(<4.6 V) 


V 


TsOLDER 


Soldering Temperature (10s) 




°c 


TsTG 


Storage Temperature 


-20 to 65 


°c 


Topr 


Operating Temperature 


0 to 55 


°c 



Table 1-2 Capacitance *(Ta = 25°C, f = 1 MHz) 



Symbol 


Parameter 


Condition 


Min. 


Max. 


Unit 


C|N 


Input 


V| N = 0V 




10 


pF 


Coin- 


Output 


Vqut = 0 V 




10 


PF 



* This parameter is periodically sampled and is not tested for every device. 
Table 1-3 Valid Blocks (1) 



Symbol 


Parameter 


MIN 


MAX 


Unit 


Nvb 


Number of Valid Blocks 


2008 


2048 


Blocks 



(1) The SmartMedia Card occasionally contains unusable blocks. Refer to section 5.13. 
Table 1-4 Recommended DC Operating Conditions 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Vcc 


Power Supply 
Voltage 


3.0 


3.3 


3.6 


V 


V| H 


High Level Input 
Voltage 


2.0 




Vcc + 0.3 


V 


V|L 


Low Level Input 
Voltage 


-0.3* 




0.8 


V 



* -2V (pulse width < 20 ns) 
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Table 1-5 DC Characteristics 



(Ta = 0° to 55° C, V C c = 3.3V ± 0.3V) 



Symbol 


Parameter 


Condition 


Min. 


Typ. 


Max. 


Unit 


IlL 


Input Leakage Current 


Vin = 0V to Vcc 


— 


— 


±10 


uA 


Ilo 


Output Leakage Current 


Vout = 0.4V to Vcc 






±10 


uA 


Iccoi 


Operating Current 
(Serial Read) 


CE = Vii , IniiT = 0 mA, 

tcycle = 50 ns 




10 


30 


mA 


ICC03 


Operating Current 
(oommana inpuiy 


tcycle = 50 ns 




10 


30 


mA 


ICC04 


Operating Current 
(Data Input) 


tcycle = 50 ns 




10 


30 


mA 


ICC05 


Operating Current 
(Address Input) 


tcycle = 50 ns 


— 


10 


30 


mA 


ICC07 


Programming Current 






10 


30 


mA 


ICC08 


Erasing Current 


— 


— 


10 


30 


mA 


Iccsi 


Standby Current 


CE =V| H 






1 


mA 


ICCS2 


Standby Current 


CE = Vcc - 0.2V 






100 


^ 


V 0 H 


High Level Output Voltage 


Ioh = -400 uA 


2.4 






V 


Vol 


Low Level Output Voltage 


Iol = 2.1 mA 






0.4 


V 


Iol(R/B) 


Output current of R/B pin 


Vol = 0.4V 




8 




mA 
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Table 1-6 AC Characteristics and Recommended Operating Conditions 
(Ta = 0° to 55° C, V C c = 3.3V ± 0.3V) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Notes 


tci_S 


OLE betup I ime 


L) 




ns 






OLE nolo I ime 


ID 




ns 




tcs 


CE Setup Time 


0 




ns 




tcH 


CE Hold Time 


10 




ns 




twp 


Write Pulse Width 


25 




ns 




Ws 


ALE Setup Time 


0 




ns 




tALH 


ALL Hold 1 ime 


1U 




ns 




tns 


Data Setup Time 


on 




ns 




tDH 


Data Hold Time 


a n 
IU 




ns 




twc 


Write Cycle Time 


ou 




ns 




IWH 


WE High Hold Time 


1 0 




ns 




tww 


\ a /n i i : — u i._ \ a / r~ i ■ . 

WP High to WE Low 


1 nn 
1 uu 




ns 




f 

IRR 


Keady to KE hailing Edge 


on 




ns 




1 

IRP 


Keaa ruise vviatn 


oo 




ns 




IRC 


r\eaa L»ycie i ime 


OU 




ns 




IREA 


RE Access Time (Serial Data Access) 




oo 


ns 




ICEH 


CE High Time for Last Address in Serial Read Cycle 


a nn 
1 uu 




ns 




IREAID 


RE Access Time (ID Read) 




00 


ns 




lOH 


udid wutpuL nuiu i line 


m 

I u 




ns 




tRHZ 


RE High to Output High Impedance 




OVJ 


1 lo 




tcHZ 


CE High to Output High Impedance 






1 lo 




tREH 


DC Uli^h Ulz-ilH Timo 

Kt nign noia i ime 


I ij 




1 lo 




t.r, 

t|R 


Ljuipui nign impeaance 10 Kt r\ismg tage 


n 
u 




nc 
I lo 




tRSTO 


RE Access Time (Status Read) 




oo 


ns 




tcSTO 


rtccebb i line ^oidiuo r\cduj 






ns 




tRHW 


RE High to WE Low 


0 




ns 




twHC 


WE High to CE Low 


30 




ns 




t\WHR 


WE High to RE Low 


30 




ns 




Uri 


ALE Low to RE Low (ID Read) 


100 




ns 




tcR 


CE Low to RE Low (ID Read) 


100 




ns 
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Table 1-6 AC Characteristics and Recommended Operating Conditions (continued) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Notes 


t R 


Memory Cell Array to Starting Address 


— 


10 


U.S 




t\/VB 


WE High to Busy 




200 


ns 






ALE Low to RE Low (Read Cycle) 


50 




ns 




tRB 


RE Last Clock Rising Edge to Busy 
(in Sequential Read) 




200 


ns 




tcRY 


CE High to Ready 
(When interrupted by CE in Read Mode) 




600 + 
t r (R/B) 


ns 


(2) 


tRST 


Device Reset Time (Read/Program/Erase) 




6/10/500 


|1S 





Notes: (1 ) Transition time (t T ) = 5 ns. 

(2) CE High to Ready time depends on the pull-up resistor tied to the R/B pin. (Refer to section 5.6.) 

(3) If the delay between RE and CE is less than 200 ns and t C EH is greater than or equal to 1 00 ns, reading 
will stop. 

If the RE to CE delay is less than 30 ns, the device will not re-enter Busy state. 
AC Test Conditions: 

Input level: 2.4V/0.4V 
Input Comparison Level: 1.5V/1.5V 
Output Data Comparison Level: 1 .5V/1 .5V 
Output Load: 1 TTL + C L (1 00 pF) 



t CEH > 100 ns 



CE 



*:V| H orV| L 



RE 



R/B 



(A) : 0 to 30 ns-^Busy signal is not output. 



525 526 



527 



Busy 



Figure 1-3 
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Table 1-7 Programming and Erasing Characteristics 



(Ta = 0° to 55° C, V C c = 3.3V ± 0.3V) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Notes 


tpROG 


Average Programming Time 




200 


1000 


US 




N 


Number of Programming Cycles on 
Same Page 






10 




(1) 


tBERASE 


Block Erasing Time 




3 


20 


ms 




P/E 


Number of Program/Erase Cycles 






300,000 




(2) 



Notes: (1 ) Refer to section 5.1 1 . 
(2) Refer to section 5.14. 



SmartMedia 32 MByte Product Manual Rev. 1.1 © 2001 SAN DISK CORPORATION 



11 



SmartMedia 32 MByte Product Manual 



2 . 0 Timing Diagrams 




1/01 to 8 



: V| H or V| L 



Figure 2-1 Latch Timing Diagram for Command/Address/Data 
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Figure 2-2 Command Input Cycle Timing Diagram 
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Figure 2-3 Address Input Cycle Timing Diagram 
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Figure 2-4 Data Input Cycle Timing Diagram 
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Figure 2-5 Serial Read Cycle Timing Diagram 
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* 70H represents the hexadecimal number 70. 

Figure 2-6 Status Read Cycle Timing Diagram 
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: V| H orV| L 



Figure 2-7 Read Cycle (1) Timing Diagram 
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Figure 2-8 Read Cycle (1) Timing Diagram When Interrupted by CE 
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Figure 2-9 Read Cycle (2) Timing Diagram 
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Figure 2-10 Read Cycle (3) Timing Diagram 
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Figure 2-11 Sequential Read (1) Timing Diagram 
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Figure 2-12 Sequential Read (2) Timing Diagram 
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Figure 2-13 Sequential Read (3) Timing Diagram 
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Figure 2-14 Auto Program Operation Timing Diagram 
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Figure 2-15 Auto Block Erase Timing Diagram 
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Figure 2-16 ID Read Operation Timing Diagram 



SmartMedia 32 MByte Product Manual Rev. 1.1 © 2001 SAN DISK CORPORATION 



19 



SmartMedia 32 MByte Product Manual 



3 . 0 Pin Functions 



The device is a serial access memory which utilizes time-sharing input of address information. The device 
pinouts are configured as shown in Figure 3-1. 
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Figure 3-1 SmartMedia Card Pinout 
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3.1 Pin Descriptions 
Command Latch Enable: CLE 

The CLE input signal is used to control loading of the operation mode command into the internal 
command register. The command is latched into the command register from the I/O port on the rising 
edge of the WE signal while CLE is High. 

Address Latch Enable: ALE 

The ALE signal is used to control loading of either address information or input data into the internal 
address/ data register. Address information is latched on the rising edge of WE if ALE is High. If ALE is 
Low, input data is latched. 

Chip Enable: CE _ 

The device goes into a low-power Standby Mode when CE goes High during a Read operation. The CE 
signal is ignored when the device is in the Busy state (R/B= L), such as during a Program or Erase 
operation, and will not enter Standby Mode even if the CE input goes High. The CE signal must stay 
Low during the Read Mode Busy state to ensure that memory array data is correctly transferred to the 
data register. 

Write Enable: WE 

The WE signal is used to control the acquisition of data from the I/O port. 
Read_Enable: RE _ 

The RE signal controls serial data output. Data output will be valid when RE goes low after tREA. The 
internal column address counter is also incremented (Address = Address + 1) on this falling edge. 

VO Port: ]/OI to 8 

The I/Ol to 8 pins are used as ports for transferring address, command and input/output data to and 
from the device. 

Write Protect: WP 

The WP signal is used to protect the device from accidental programming or erasing. The internal 
voltage regulator is reset when WP is Low. This signal is usually used for protecting the data during the 
power-on/ off sequence when input signals are invalid. 

Ready/Busy: R/B 

The R/B output signal is used to indicate the operating condition of the device. The R/B signal is in Busy 
state ( R/B = L) during the Program, Erase and Read operations and will return to Ready state ( R/B = H) 
after completion of the operation. The output buffer for this signal is an open drain. 

Option Pin: OP 

This pin has to be connected to GND. 

Low Voltage Detect: LVD (SmartMedia Card only) 

The LVD signal is used to detect the power supply voltage level. 
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3.2 Schematic Cell Layout and Address Assignment 



The Program operation works on page units while the Erase operation works on block units. 



65536 
pages = \ 
2048 blocks 




528 



O 1/01 
O 1/08 



i 32 pages 
J"1 block 



A page consists of 528 bytes of which 51 2 bytes are 
used for main memory storage and 16 bytes are for 
redundancy or for other i 



1 page = 528 bytes 

1 block = 528 bytes x 32 pages = (16K + 512) bytes 
Capacity = 528 bytes x 32 pages x 2048 blocks 

An address is read in via the I/O port over three 
consecutive clock cycles, as shown in the following table. 



Figure 3-2 Schematic Cell Layout 



Table 3-1 Addressing 





1/01 


I/02 


I/03 


I/04 


I/05 


I/06 


I/07 


I/08 


First cycle 


AO 


A1 


A2 


A3 


A4 


A5 


A6 


A7 


Second cycle 


A9 


A10 


A11 


A12 


A13 


A14 


A15 


A16 


Third cycle 


A17 


A18 


A19 


A20 


A21 


A22 


A23 


A24 



AO to A7: Column address 
A9 to A24: Page address 
(A14 to A24: Block address 
A9toA13: NAND address in block) 



: A8 is automatically set to Low or High by a 00H command or a 01 H command. 
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3.3 Operation Mode: Logic and Command Tables 

The operation modes such as Program, Erase, Read and Reset are controlled by the eleven different 
command operations shown in Table 3-3. Address input, command input and data input/output are 
controlled by the CLE, ALE, CE , WE , RE and WP signals, as shown in Table 3-2. 

Table 3-2 Logic Table 





CLE 


ALE 


ci 


WE 


RE 


WP 


Command Input 


H 


L 


L 




H 


* 


Data Input 


L 


L 


L 




H 


* 


Address input 


L 


H 


L 




H 


* 


Serial Data Output 


L 


L 


L 


H 




* 


During Programming (Busy) 


* 


* 


* 


* 


* 


H 


During Erasing (Busy) 


* 


* 


* 


* 


* 


H 


Program, Erase Inhibit 


* 


* 


* 


* 


* 


L 



H:V| H , L: V, L , *:V| H orV| L 
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Table 3-3 Command Table (HEX) 





First Cycle 


Second 
Cycle 


Acceptable while Busy 


Serial Data Input 


80 


— 




Read Mode (1) 


00 


— 




Read Mode (2) 


01 


— 




Read Mode (3) 


50 


— 




Reset 


FF 




V 


Auto Program 


10 






Auto Block Erase 


60 


DO 




Status Read 


70 






ID Read 


90 







HEX data bit assignment 
(Example) 



Serial data input: 80H 

I lL l 



I/08 



6 



1/01 



Once the device has been set to Read mode by an OOH, 01 H or 50H command, 
additional Read commands are not needed for sequential page Read operations. 
The following table shows the operation states for Read mode. 



Table 3-4 Read Mode Operation States 





CLE 


ALE 


ci 


WE 


r! 


1/01 to I/08 


Power 


Output select 


L 


L 


L 


H 


L 


Data output 


Active 


Output Deselect 


L 


L 


L 


H 


H 


High impedance 


Active 


Standby 


L 


L 


H 


H 


* 


High impedance 


Standby 



H:V IH , L: V, L , *: V| H orV| L 
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4 . 0 Device Operation 



4.1 Read Mode (1) 



Read Mode (1) is set when an 00H command is issued to the Command register. Refer to Figure 4-1 below 
for timing details and the block diagram. 



CLE 



CE 



ALE 



RE 



R/B 



M 




vvv\rv 



Busy 



/ 



Start-address input 



M 



527 



Select page 
N > 



DOOOG 



A data transfer operation from the cell 
array to the register starts on the rising 
edge of WE in the third cycle (after the 
address information has been latched). 
The device will be in Busy state during this 
transfer period. The CE signal must stay 
Low after the third address input and during 
Busy state. 

After the transfer period the device 
returns to Ready state. Serial data can be 
output synchronously with the RE clock 
from the start pointer designated in the 
address input cycle. 



-Cell array 



Figure 4-1 Read Mode (1) Operation 
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4.2 Read Mode (2) 



CLE _J \ 

re " \ A A A 
m^ AAAA 

ALE / 

J \T\f\T\f\J 

R/B ^ _J)J_^ \ Busy ( ~ 

-«OQ OOOCX] 

Start-address input 

The operation of the device after input of 
the 01 H command is the same as that of Read 
mode (1 ). If the start pointer is to be set after 
column address 256, use Read mode (2). 

However, for a Sequential Read, output of 
the next page starts from column address 0. 



Figure 4-2 Read Mode (2) Operation 



M 



256 



527 



Select page 
N — I 



Cell array 
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4.3 Read Mode (3) 

Read Mode (3) has the same timing as Read Modes (1) and (2) but is used to access information in the 
extra 16-byte redundancy area of the page. Therefore, the start pointer is set to a value between byte 512 
and byte 527. 

CLE __/ \ 

m^j~\r\r\fz 

- / 

R/B \ Busy / 

- -HOOO oooo 



Address bits AO to A3 are used to set the 
start pointer for the redundant memory cells, 
while A4 to A7 are ignored. Once a 50H 
command has been issued, the pointer moves 
to the redundant cell locations and only those 
16 cells can be addressed, regardless ofthe 
value ofthe A4-to-A7 address. (An OOH 
command is necessary to move the pointer back 
to the 0-to-511 main memory cell location.) 

Figure 4-3 Read Mode (3) Operation 



AO to A3 




512 i 527 

W/M////////A * 
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4.4 Sequential Read (1) (2) (3) 



This mode, Sequential Read (1) (2) (3), allows the sequential reading of pages without additional address 
input. 



tR 




50H)-' Address input ^ * R ^ Data output ^ * R ^ Data output ^ 



~ \ Busy 



527 



_^ uaia ouipui ^ 11 ^ uara ouipui ^ • ^ 

__/ ^ \ Busy / ^ \ Busy / 
(01 H) (50H) 512 527 






Sequential Read (1) 



Sequential Read (2) 



Sequential Read (3) 



Figure 4-4 Sequential Read (1) (2) (3) Operation 

Sequential Read modes (1) and (2) output the contents of addresses 0 to 527 as shown above, while 
Sequential Read mode (3) outputs the contents of the redundant address locations only. When the pointer 
reaches the last address, the device continues to output the data from column address 0 (Read Modes (1) 
and (2)) or column address 512 (Read Mode (3)) of the next page on the next RE clock signal. 



4.5 Status Read 



The device automatically implements the execution and verification of the Program and Erase operations. 
The Status Read function is used to monitor the Ready/Busy status of the device, determine the result 
(pass / fail) of a Program or Erase operation, and determine whether the device is in Suspend or Protect 
mode. The device status is output via the I/O port on the RE clock after a 70H command input. The 
resulting information is outlined in Table 4-1. 



Table 4-1 Status Output Table 





Status 


Output 


1/01 


Pass/Fail 


Pass: 0 Fail: 1 


I/02 


Not Used 


0 


I/03 


Not Used 


0 


I/04 


Not Used 


0 


I/05 


Not Used 


0 


I/06 


Not Used 


0 


I/07 


Ready/Busy 


Ready: 1 Busy: 0 


I/08 


Write Protect 


Protect: 0 Not Protected: 1 



The Pass/Fail status on 1/01 is only 
valid when the device is in the Ready 
state. 
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An application example with multiple devices is shown in Figure 4-5. 



CLE 
ALE 
WE 
RE 



CE, 
A 




CE 2 




CE 3 
1) 


Device 
1 




Device 
2 










Device 


C 


C 




c 


c 





n 



CE N 



Device 
N 



n 



R/B 



CE N+1 



Device 
N + 1 



n 



l/01to8 W//////////////////////^ 



R/B \_ 
CLE 



Figure 4-5 Application Example with Multiple Devices 

Busy 



7 V 



J V 



ALE 
WE 
CE1 

CE N 
RE 
I/O 



7" 



f 



<™D — CI^ — (™) — (3^- 



Status on 
Device 1 



Status on 
Device N 



Figure 4-6 Status Read Timing Application Example 

System Design Note: If the R/B pin signals from multiple devices are wired together as shown in the 
Figure 4-5, the Status Read function can be used to determine the status of each individual device. 
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4.6 Auto Page Program 



The SmartMedia Card carries out an Automatic Page Program operation when it receives a 10H Program 
command after the address and data have been input. The sequence of command, address and data input 
is shown below. 



Data input 
command Address 
input 



Program 
Data input command 
0 to 527 




Pass 



Status Read 
command 



R/B 



Data input 



\ 




Reading & verification 



Selected 
page 



/ R/B automatically returns to Ready 

after completion of the operation. 

The data is transferred (programmed) from the _ 
register to the selected page on the rising edge of WE 
following input of the 10H command. After 
programming the programmed data is transferred 
back to the register to be automatically verified by 
the device. If the programming does not succeed, 
the Program/Verify operation is repeated by the 
device until success is achieved or until the maximum 
loop number set in the device is reached. 



Figure 4-7 Auto Page Program Operation 



4.7 Auto Block Erase 



The Auto Block Erase operation starts on the rising edge of WE after the Erase Start command DOH 
which follows the Erase Setup command 60H. This two-cycle process for Erase operations acts as an extra 
layer of protection from accidental erasure of data due to external noise. The device automatically 
executes the Erase and Verify operations. 



Block address Erase Start Status Read 
input: 2 cycles command command 




Pass 



R/B 



" \ Busy f 



Figure 4-8 Auto Block Erase 
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4.8 Reset 

The Reset mode stops all operations. For example, in the case of a Program or Erase operation the 
internally generated voltage is discharged to 0 volts and the device enters Wait state. The address and 
data registers are set as follows after a Reset: 

• Address register: All "0" 

• Data register: All "1" 

• Operation Mode: Wait state 

Figure 4-9 through 4-13 show the response to an FFH Reset command input during the various device 
operations. 



fiiP) (jcT) C^ff) (ooy- 

^ — y v — y v -— Register set 

Internal V PP / 



R/B 



"\ jt RST (max10^sT/ 



a- — k; 



Figure 4-9 When a Reset Command (FFH) is Input During Programming 

® © C°o>- 

. Register set 

Internal erase / ; . j« »| 

voltage ^ 



R/B 



^ Irst (max 500 /js) ^ 



Figure 4-10 When a Reset Command (FFH) is Input During Erasing 

— cJE) C^y~ 

i i 

R/B \ ; / 



t RST (max 6 f/s) 

Figure 4-11 When a Reset Command (FFH) is Input During a Read Operation 



<E> (™> 

\^ I ' Ready/Busy-^ Busy 



^* I/O status: Pass/Fail -+ Pass 

R/B 



The following operation is prohibited. If the following operation is executed, correct 
resetting of the address and data register cannot be guaranteed. 



- I/O status: Ready/Busy-- Busy 



R/B 



Figure 4-12 When a Status Read Command (70H) is Input After a Reset 
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0) 



(2) 



R/B 



V 




(3) 



r 



The second (^FF^) command is invalid, but the third ^FF^) command is valid. 

Figure 4-13 When Two or More Reset Commands are Input in Succession 

13 ID Read 



The SmartMedia Card contain ID codes which identify the device type and the manufacturer. The ID 
codes can be read out under the following timing conditions: 



CLE 

CE 

WE 

ALE 
RE 

I/O 



J V 



"A r\ c± 



M *■ 



*CR 



YV w 

/ 



'AR1 



tREAID 



- ( 90H ) { 00 ) - 



ID Read command Address 

00 



( 98H ) ( 75H y 



Maker 
code 



Device 
code 



For the specifications of the access times tREAiD> 'cr ancl Uri r efer to the AC Characteristics. 

Figure 4-14 ID Read Timing 

Table 4-2 Code Table 





I/08 


I/07 


I/06 


I/05 


I/04 


I/03 


I/02 


1/01 


Hex Data 


Maker code 


1 


0 


0 


1 


1 


0 


0 


0 


98H 


Device code 


0 


1 


1 


1 


0 


1 


0 


1 


75H 
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5 . 0 Application Notes and Comments 



5.1 Prohibition of Unspecified Commands 



The operation commands are listed in Table 3-3. Input of a command other than those specified in Table 
3-3 is prohibited. Stored data may be corrupted if an unknown command is entered during the command 
cycle. 

~52 Pointer Control for OOH, 01H and 50H 



The device has three Read modes which set the destination of the pointer. Table 5-1 shows the destination 
of the pointer, and Figure 5-1 is a block diagram of their operations. 

Table 5-1 Pointer Destination 



Read Mode 


Command 


Pointer 


(1) 


OOH 


0 to 255 


(2) 


01 H 


256 to 511 


(3) 


50H 


512 to 527 



255 256 



511 512 527 



\ 



A,* 



1 



OOH- 
01H- 
50H- 



Pointer control 



Figure 5-1 Pointer Control 

The pointer is set to region A by the OOH command, to region B by the 01H command and to region C by 
the 50H command. For example, the OOH command must be input to set the pointer back to region A 
when the pointer is pointing to region C. 
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Address Start point Address Start point 
A area A area 



Address Start point Address Start point 
C area C area 



Y— 

Address Start point 
C area 



Address Start point 
A area 



Address Start point Address Start point 
B area A area 

To program region C only, set the start point to region C using the 50H command. 



(50H) CSOHX 



Address 



(oTh) (80H>; 



Address 



DIN 
+ 

Start point 
C area 



DIN 
* 

Start point 
B area 



Programming 
region C only 



Programming 
regions B and C 



Figure 5-2 Example of How to Set Pointer 



5.3 Acceptable Commands After Serial Input Command 80H 



Once the Serial Input command 80H has been input, do not input any command other than the Program 
Execution command 10H or the Reset command FFH. 



WE 



R/B 



Address input 



If a command other than 10H or FFH is input, the Program operation is not performed. 



(g) (XX) (To> 



For this operation the FFH 



opot 

Command Other Programming cannot be executed. f~ command is needed, 
than 10H or FFH J 



Figure 5-3 Serial Input Command 
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5.4 Status Read During a Read Operation 



Command 




Address N 



Status Read \ 
command input Status Read 



Status output 



Figure 5-4 Status Read During a Read Operation 

The device status can be read out by inputting the Status Read command 70H in Read mode. Once the 
device has been set to Status Read mode by a 70H command, the device will not return to Read mode. 

Therefore, a Status Read during a Read operation is prohibited. 

However, when the Read command 00H is input during [A], Status mode is reset and the device returns 
to Read mode. In this case, data output starts automatically from address N and address input is 
unnecessary. 



5.5 Auto-Programming Failure 




Address Data 
N input 



If the programming result for page address M is Fail, do not try to 
program the page to address N in another block. Because the previous 
input data has been lost, the same input sequence of 80H command, 
address and data is necessary. 



Figure 5-5 Auto-programming Failure 
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5.6 R/B : Termination for the Ready/Busy Pin (R/B ) 

A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain 
circuit. 




Ready ; 
3.0 V1 




V C C 
L 1.0 V 



♦■R/B 



Busy 



1.0 V ; 




3.0 V 



1.5 i/s - 



This data may vary from device to device. 
We recommend that you use this data as a 
reference when selecting a resistor value. 



V 

VCC=3.3V 
Ta = 25°C - 15 ns 



C L = 100 pF 




1kO 2k □ 3k O 4k O 
R 



Figure 5-6 Termination of the Ready/Busy Pin 



5. 7 Status After Power-on 

Although the device is set to Read mode after power-on, the following sequence is necessary because 
some input signals may not be stable at power-on. 



Power on 



<ff) (wT> 



Reset Read mode (1) 
Figure 5-7 Status After Power-on 



5.8 Power-on/off Sequence 

The WP signal is useful for protecting against data corruption at power-on/ off. The following timing 
sequence is necessary: 



CE, WE, RE 
CLE, ALE 

WP 




Don't 
care 



Figure 5-8 Power-on/off Sequence 
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5.9 Note Regarding the WP Signal 

The Erase and Program operations are automatically reset when WP goes Low. The operations are 
enabled and disabled as shown in the following figures: 



WE | | 

DIN ; kjjcT) (juT) 

WP 

R/B ^ ^ ! 

100 ns min 

Figure 5-9 Enable Programming 



WE 
DIN 
WP 
R/B 



100 ns min 



Figure 5-10 Disable Programming 



WE 
DIN 
WP 
R/B 



<D0> 



100 ns min 



Figure 5-11 Enable Erasing 



WE 
DIN 
WP 
R/B 



100 ns min 



<D0> 



Figure 5-12 Disable Erasing 
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5.10 When Four Address Cycles are Input 

Although the SmartMedia Card may read in a fourth address, it is ignored inside the device. 

CLE _J~ ~\ 



CE \ 

we \j 

ALE / 

OOH, 01 H or50H Address input 

R/B 



Figure 5-13 Read Operation 

The internal Read Operation starts when WE goes High in the address cycle. 



CL E J V 

CE \ 




WE \J \J\J\J\J-\f\J\F~ 

^ / \ 



i/o (soh)- 



t ^ 



Address input I Data input 

Ignored 

Figure 5-14 Program Operation 
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5.12 Several Programming Cycles on the Same Page (Partial Page Program) 

A page can be divided into up to 10 segments. Each segment can be programmed individually as follows: 
First programming 



Second programming 



Tenth programming 



Result 



Data Pattern 1 


I All 1s~| 




| All 1s | 


Data 
Pattern 2 


| All 1s | 






All 1s | 


Data Pattern 10 




Data Pattern 1 


Data 
Pattern 2 




Data Pattern 10 





Note: The input data for unprogrammed or previously programmed page segments must be "1" (i.e. the inputs for 
all page bytes outside the segment which is to be programmed should be set to all "1"). 

Figure 5-15 Partial Page Program 

5.12 Note Regarding the RE Signal 



The internal column address counter is incremented synchronously with the RE clock in Read Mode. 
Therefore, once the device has been set to Read Mode by an 00H, 01H or 50H command, the internal 
column address counter is incremented by the RE clock independently of the address input timing. If the 
RE clock input pulses start before the address input, and the pointer reaches the last column address, an 
internal read operation (array to register) will occur and the device will enter Busy state. (Refer to the 
figure below.) Hence, the RE clock input must start after the address input. 

Address input 



I/O 



WE 



RE 



R/B 



/O0H/01HA 

\ 5QH r 



\rw~\i\j 




Figure 5-16 Internal Read Operation (Array to Register) 
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5.13 Invalid Blocks (Bad Blocks) 



The SmartMedia Card occasionally contains unusable blocks. Therefore, the following issues must be 
recognized: 

• Check to see whether the device has any bad blocks after installation into the system. Do not try 
to access bad blocks. A bad block does not affect the performance of good blocks because it is 
isolated from the bit line by the Select gate. The number of valid blocks is as follows: 

Table 5-2 Number of Valid Blocks 





Minimum 


Maximum 


Unit 


Valid (Good) 
Blocks 


2008 


2048 


Block 



Figure 5-19 shows the flow for bad block testing. 



Bad Block 



Bad Block 



Figure 5-17 Bad Blocks in Array 
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5.14 Failure Phenomena for Program and Erase Operations 

The device may fail during a Program or Erase operation. The following possible failure modes should be 
considered when implementing a highly reliable system. 



Table 5-3 Failure Modes 



Failure Mode 


Detection and Counter Measure Sequence 


Block 


Erase Failure 


Status Read after Erase -> Block Replacement 


Page 


Programming Failure 


Status Read after Program -> Block Replacement 


Single 
Bit* 


Programming Failure 

"1 to 0" 


(1 ) Block Verify after Program -> Retry 


(2) ECC 



• :(l)or(2) 

• ECC: Error Correction Code — Hamming code , etc. Example: 1-bit correction and 2-bit 
detection. 

• Block Replacement 



When an error occurs in Block A, try to 
reprogram the data into another block (e.g. 
Block B) by loading it from an external buffer. 
Then, prevent further system accesses to 
Block A (by creating a bad block table or by 
using another appropriate scheme). 



Figure 5-18 Program Fail Block Replacement 

• Erase Block Replacement— When an error occurs in an Erase operation, prevent future accesses to 
this bad block (again by creating a table within the system or by using another appropriate 
scheme). 



Error occurs 



Buffer 
memory 
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5.15 Bad Block Test Flow 



Test Start 



Block No. = 1 




— 


Pass 


-^Blank Check _ 




Bad Block 




i 




B No. = B No. + 1 


< 1 





C : Checkerboard pattern 

C : Inverted checkerboard pattern 

Blank check : 1 Block Read (FFH) 




Figure 5-19 Bad Block Test Flow 
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6.0 Handling Precautions 



The following precautions should be observed when handling the SanDisk SmartMedia Card: 

(1) Avoid using the SmartMedia Card when the battery is low. 

(2) When writing to the card, wait for the operation to complete before removing the card. 

(3) The card is designed to fit easily into the system one way only. Do not force it into the slot. 

(4) Do not bend the card. 

(5) Do not subject the card to sudden impact. 

(6) Avoid touching the connectors so as to avoid damage from static electricity. This card should be kept 
in the antistatic film case when not in use. 
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0 Package Dimensions 



7.1 SmartMedia Card Dimensions 



The SanDisk SmartMedia Card dimensions are shown below in Figure 7-1. 

Unit: mm 

37.0+0.1 



Depression: 0.1 



< 27 0 » 




M IF 



sii 



Depression^. 1 



/ 



^2-4.2 MIM 2 



0.76+0.08,. 



0.5 



.010.0 



© 00.3 



.2-5.0 



5.8 25.4 




E: Write-protect Area 

The area has a diameter of 10.0 mm and it is indicated with a mark or depression 0.1 mm deep. 
F: Contact Area 

Located over the electrode block (the contact board), the gray section is the area directly in contact 
with the connector. Contact with the connector is ensured for this area. The variations in distance between 
the contact area and the card surface at Part D do not exceed 0.1 mm ('). 
G: Index area 

If not otherwise specified, the dimensional error is ± 0.2 mm. 
(') = Reference value 

Figure 7-1 SmartMedia Card Dimensions 
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Ordering Information 



To order SanDisk products directly from SanDisk, call 408-542-0595. 



SmartMedia Card 

Model SDSM-32-101-01 32.0 MB 
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Technical Support Services 



Direct SanDisk Technical Support 

Call SanDisk Applications Engineering at 408-542-0405 for technical support. 
SanDisk Worldwide Web Site 

Internet users can obtain technical support and product information along with SanDisk news and much 
more from the SanDisk Worldwide Web Site, 24 hours a day, seven days a week. The SanDisk Worldwide 
Web Site is frequently updated. Visit this site often to obtain the most up-to-date information on SanDisk 
products and applications. The SanDisk Web Site URL is http:/ /www. sandisk.com. 
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SanDisk Worldwide Sales Offices 




Americas 



Europe 



SanDisk Corporate Headquarters 

140 Caspian Court 
Sunnyvale, CA 94089-9820 
408-542-0500 
FAX 408-542-0503 



SanDisk GmbH 

Karlsruher Str. 2C 

D-30519 Hannover, Germany 

49-511-8759185 

FAX 49-511-8759187 



http:/ /www.sandisk.com 



SanDisk Northern Europe 

Videroegaten 3 B 



Sales Offices 




S-16440 Kista 
Sweden 



46-(0)8-75084-63 
FAX 46-(0)8-75084-26 



SanDisk Central Europe 

Rudolf-Diesel-Str. 3 
40822 Mettmann 
Germany 
49-(0)2104-953433 
FAX 49-(0)2104-953434 



Japan 



SanDisk K.K. 



8F Nisso Bldg. 15 

2-17-19 Shin- Yokohama, Kohoku-ku 
Yokohama 222-0033, Japan 
81-45-474-0181 
FAX 81-45-474-0371 

Asia/Pacific Rim 

89 Queensway, Lippo Center 
Tower II, Suite 4104 
Admiralty, Hong Kong 
852-2712-0501 
FAX 852-2712-9385 

To order SanDisk products directly from SanDisk, 
call 408-542-0595. 
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Limited Warranty 



I. WARRANTY STATEMENT 

SanDisk warrants its products to be free of any defects in materials or workmanship that would prevent them from 
functioning properly for one year from the date of purchase. This express warranty is extended by SanDisk 
Corporation. 

II. GENERAL PROVISIONS 

This warranty sets forth the full extent of SanDisk's responsibilities regarding the SanDisk SmartMedia Card. In 
satisfaction of its obligations hereunder, SanDisk, at its sole option, will either repair, replace or refund the purchase 
price of the product. 

NOTWITHSTANDING ANYTHING ELSE IN THIS LIMITED WARRANTY OR OTHERWISE, THE EXPRESS 
WARRANTIES AND OBLIGATIONS OF SELLER AS SET FORTH IN THIS LIMITED WARRANTY, ARE IN LIEU 
OF, AND BUYER EXPRESSLY WAIVES ALL OTHER OBLIGATIONS, GUARANTIES AND WARRANTIES OF ANY 
KIND, WHETHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION, ANY IMPLIED WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR INFRINGEMENT, TOGETHER WITH 
ANY LIABILITY OF SELLER UNDER ANY CONTRACT, NEGLIGENCE, STRICT LIABILITY OR OTHER LEGAL 
OR EQUITABLE THEORY FOR LOSS OF USE, REVENUE, OR PROFIT OR OTHER INCIDENTAL OR 
CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION PHYSICAL INJURY OR DEATH, 
PROPERTY DAMAGE, LOST DATA, OR COSTS OF PROCUREMENT OF SUBSTITUTE GOODS, TECHNOLOGY 
OR SERVICES. IN NO EVENT SHALL THE SELLER BE LIABLE FOR DAMAGES IN EXCESS OF THE PURCHASE 
PRICE OF THE PRODUCT, ARISING OUT OF THE USE OR INABILITY TO USE SUCH PRODUCT, TO THE FULL 
EXTENT SUCH MAY BE DISCLAIMED BY LAW. 

SanDisk's products are not warranted to operate without failure. Accordingly, in any use of products in life support 
systems or other applications where failure could cause injury or loss of life, the products should only be 
incorporated in systems designed with appropriate redundancy, fault tolerant or back-up features. 

III. WHAT THIS WARRANTY COVERS 

For products found to be defective within one year of purchase, SanDisk will have the option of repairing or 
replacing the defective product, if the following conditions are met: 

A. The defective product is returned to SanDisk for failure analysis as soon as possible after the failure occurs. 

B. An incident card filled out by the user, explaining the conditions of usage and the nature of the failure, 
accompanies each returned defective product. 

C. No evidence is found of abuse or operation of products not in accordance with the published specifications, 
or of exceeding storage or maximum ratings or operating conditions. 

All failing products returned to SanDisk under the provisions of this limited warranty shall be tested to the product's 
functional and performance specifications. Upon confirmation of failure, each product will be analyzed, by whatever 
means necessary, to determine the root cause of failure. If the root cause of failure is found to be not covered by the 
above provisions, then the product will be returned to the customer with a report indicating why the failure was not 
covered under the warranty. 

This warranty does not cover defects, malfunctions, performance failures or damages to the unit resulting from use in 
other than its normal and customary manner, misuse, accident or neglect; or improper alterations or repairs. 

SanDisk reserves the right to repair or replace, at its discretion, any product returned by its customers, even if such 
product is not covered under warranty, but is under no obligation to do so. 

SanDisk may, at its discretion, ship repaired or rebuilt products identified in the same way as new products, 
provided such cards meet or exceed the same published specifications as new products. Concurrently, SanDisk also 
reserves the right to market any products, whether new, repaired, or rebuilt, under different specifications and 
product designations if such products do not meet the original product's specifications. 
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IV. RECEIVING WARRANTY SERVICE 

According to SanDisk's warranty procedure, defective product should be returned only with prior authorization 
from SanDisk Corporation. Please contact SanDisk's Customer Service department at 408-542-0595 with the following 
information: product model number and description, nature of defect, conditions of use, proof of purchase and 
purchase date. If approved, SanDisk will issue a Return Material Authorization or Product Repair Authorization 
number. Ship the defective product to: 

SanDisk Corporation 
Attn: RMA Returns 
(Reference RMA or PRA #) 
140 Caspian Court 
Sunnyvale, CA 94089 

V. STATE LAW RIGHTS 

SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSEQUENTIAL 
DAMAGES, OR LIMITATION ON HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE 
LIMITATIONS OR EXCLUSIONS MAY NOT APPLY TO YOU. This warranty gives you specific rights and you may 
also have other rights that vary from state to state. 
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